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A B S T R A C T 
Architecture through the time has been an 
important factor that facilitates life styles and environment. 
The challenge for architects is to create psychologically 
and physically comfortable indoor and outdoor spaces . 
The outdoor public spaces have b e c o m e the heart of the 
civic life of the city where people carry out their activities 
that binds a community. 
All the spatial scales in the built environment obeys 
to rhythms and major forces, which enforce their laws that 
must be learnt and respect (Bouillot, 2002). The success of 
these spaces, especially urban public spaces is depending 
on many factors, of which, the level of thermal comfort is 
seen as an important aspect. Although the equatorial life is 
partly outdoor phenomenon, the modem urban design has 
failed to facilitate such living in a climatically pleasant 
manner. 
Recent studies worldwide have indicated that the 
influence of densely built urban areas on the formation of 
urban climatic conditions and particularly on the 
determination of the microclimate. The evaluation of 
influence of urban geometry on the microclimate and the 
human comfort in urban spaces in such areas are among 
the main aims of the research project. It will also be useful 
to reveal misreferences, state recommendations and 
supply tools and tracks for the design. 
Nowadays it is more than evident that improving 
the quality of life in urban centres does not require only 
successful buildings. It also requires climatically sensitive 
urban public spaces which could enhance and enrich the 
urban life. 
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Fig. 1- The Mongol ian Yurt Fig. 2 - Sri Lankan vi l lage house 
Rapoport (1969) states that, in archi tecture, c l imate is only a modify ing 
factor a n d the determinant fac tor should be the culture. "The responses vary 
from place to place because of changes and differences in the interplay of 
social, cultural, ritual, economic and physical factors. Also with the passage 
of time" (Rapoport, 1969: 46) 
However, anywhere in the wor ld , the vernacular arch i tecture was 
e m e r g e d as a response to the cl imat ic condit ions in its form a n d the use of 
materials. Cultural matters were considered as secondary generators. The 
cultural a n d other psychological matters d o m i n a t e d archi tecture after the 
m a n started to control the nature. 
1 
I N T R O D U C T I O N 
Archi tecture is the symbol of a civilization, "...without an architecture 
of our own, we have no soul of our own civilization" - Frank Lloyd Wright 
Dwellings or houses have b e e n one of an essential n e e d of m a n since 
the early civilizations. During that pre-historic stage, the most essential 
archi tectural space (Relph, 1976) for them is their houses. 
As Moore (1993) states, the primary housing unit is the shelter. The main 
purpose of the shelter dur ing that t ime is to reduce the range of local c l imat ic 
variations. Therefore, the 'house fo rm ' was var ied with the cl imat ic condit ions. 
The Sri Lankan village house, Eskimo Igloo, North Amer ican Indian Ttpi, 
Mongol ian Yurt, Matmata dwellings in Sahara, d o m e hut of Banbuti Pygmies 
e tc . (Moore, 1993) are fine examples for the c l imate responsive house forms. 
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"Instead of building walls of local bamboo, which is 
closely spaced to keep out rain while admitting light and air, 
the white man put up solid walls to keep out light and air and 
then cut windows in the walls to admit the light and air. Next, he 
put glass panes in the windows to admit light but keep out the 
air. Then, he covered the panes with blinds and curtains to keep 
out the light too" 
(Moore, 1993: 39) 
This s tatement illustrates h o w the western thinkers have a d o p t e d 
various m e c h a n i c a l means neglect ing the passive design methods. Those 
were the results of the centuries of trial-and-error experiments by the tribes. 
Those m e c h a n i c a l systems have m a d e us consume more energy as well as 
many environmental hazards. 
The reason for the extensive use of energy is to make the space 
comfor tab le physically. People are always in d e m a n d for comfor t . Thus main 
purpose of archi tecture is also to make p e o p l e comfor t physically as well as 
psychological ly . The thermal comfor t level of a space facilitates better 
physical or bodi ly exper ience. Thus, it facilitates the e x p e c t e d spatial quality. 
These are val id for any architectural space (Relph, 1976) regardless of its 
locat ion - indoor or outdoor . 
O B S E R V A T I O N 
Contemporary designers are more c o n c e r n e d on the psychological 
comfor t of the s p a c e or the beaut i f icat ion of the space . Especially for a 
t ropical country like Sri Lanka, that "beaut i f icat ion" is i n a d e q u a t e to provide a 
better spatial exper ience. Therefore, it is a cha l lenge for the archi tect to 
c r e a t e funct ional , comfor tab le , lightly vent i la ted a n d pleasant interior a n d 
exterior spaces creat ing beauti ful objects a n d places. ^ V '^) 
Recent studies wor ldwide have ind ica ted J h e great inf luence of 
densely built urban areas on the format ion of urban cl imat ic condit ions a n d 
2 
Urban Geometry as a Determinant of Outdoor Thermal Comfort 
Introduction 
particularly on the determination of the microclimate. This has always been 
true to the Sri Lankan context as well. Some urban areas in Sri Lanka, 
especially Colombo Metropolitan area, this phenomenon could be observed 
clearly. 
Due to the thermal discomfort in these urban outdoors people decline 
to use these urban spaces. Lots of public spaces have become "dead 
spaces" during the daytime; merely because of they are not habitable. These 
spaces create "voids" in the middle of urban settings deteriorating the 
urbanity of the city. It also affects Neighborhood livability, street life, social 
interactions between neighbors and level of outdoor activities etc . (Hafiz, 
2002) 
The transformation in "urban physical environment" has m a d e a 
physical discomfort in the area. This chaotic urban situation is a result of 
unskilled handling of buildings and open spaces. These haphazard 
developments have caused many negative effects such as blocking wind 
flow patterns, retaining heat etc. As a result, the cities have become warmer 
places than the surrounding rural areas, creating an Urban Heat Island. This 
has affected the urban microclimate and the urban quality of life as well. In 
addition, the mechanical systems should be utilized to achieve thermal 
comfort consuming more and more energy.
 / 
This is a very crucial subject area, which should be taken in to 
consideration seriously because in the future, it may be a danger to the 
humankind as well. The design professionals such as architects and urban 
designers should intervene in these situations to make cities a healthy place 
to breathe.^ 
/ 
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J U S T I F I C A T I O N 
"Architecture is a physical, emotional and intellectual 
experience. It facilitates man's bodily comfort, emotionally 
attaches him in to it and, as a work of art, through symbolic 
communication leads to him towards a higher realm of 
contemplation" 
(Kulatilake, 1994: ii) 
It states tha t the archi tecture should b e exper ienced in all senses 
cover ing bo th physical a n d psychological exper ience. Human mind 
exper iences it psychological ly a n d human b o d y haves it physically. In 
physical exper ience, the warmth or the tempera ture of a space contr ibutes 
more to the spatial exper ience. That is ca l led the 'Thermal Comfort' of a 
space . An archi tectura l space (Relph, 1976), wh ich has a g o o d thermal 
comfo r t level, faci l i tates desired spatial experiences. 
"All architecture is shelter, all great architecture is the design of space 
that contains, cuddles, exalts or stimulates the persons in that space" 
(Johnson, 1990). Acco rd i ng to a b o v e words the archi tecture of a part icular 
space - interior or exterior - should "con ta in , cudd le , exalt a n d st imulate" the 
peop le in tha t space . That should b e the purpose a n d the ul t imate goa l o f -
arch i tecture. Therefore, the archi tectura l s p a c e (Relph, 1976) should b e a 
p leasant p l ace , physically a n d psychological ly to accompl ish that goa l . 
The recent t rend in the Sri Lankan urban contex t as c i t ed in the 
previous chap te r is towards a haphazard deve lopmen t . This has caused 
many chao t i c situations, especial ly in the urban microc l imate. High air 
tempera ture , excessive relative humidity, zero or low w ind speed e tc . has 
de ter io ra ted the urban microc l imate. 
As Basnayake (2002) explains, a heal thy urban envi ronment is vital for 
genu ine u rban renaissance a n d a t the same t ime, it caters as a heal ing 
s p a c e for the majority of u rban dwellers. However, the "physical discomfort" 
is a barrier for the peop le to exper ience a n d make use of the urban space . It 
may a f fec t the peop le negat ively, since it avoids interact ion wi th other 
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peop le , wh ich is essential for human habi ta t ion. Conver t ing those spaces to 
thermally comfo r tab le will fulfil the primary n e e d for usage. 
Therefore, it is now the t ime for design professionals to interfere wi thout 
hesitation a n d cor rect these trends to re juvenate our ou tdoor spaces a n d 
make a heal thy urban physical envi ronment 
INTENTION OF THE STUDY 
Intention of this study is to examine the role of u rban geomet ry or 
urban morpho logy in the provision of thermally comfo r tab le ou tdoor spaces. 
In do ing so, it will deve lop urban shading patterns tha t faci l i tate c l imate 
conscious urban design in the equator ia l tropics, wi th special re ference to Sri 
Lankan urban contexts. 
OBJECTIVES 
/s /> Find out ways to utilize the urban geomet ry as a shading dev i ce or 
\ i Shadow Umbrella to e n h a n c e the urban thermal comfor t . 
Discuss the i m p a c t of shading on the ou tdoor thermal comfor t . 
HYPOTHESES 
/*> Shading or shaded spaces have a positive effect on the thermal 
comfort level of the people using those urban spaces. 
f> The manipulation of urban masse/dand increased height to width 
. _ i . i~~ <^h.<XcL,ns) a^cL 4plM.( 
ratio of the built mess increases the level of thermal comfort. 
r* The orientation and the ratio of building height to the width of the 
streets considered can be consciously modified in order to achieve 
thermally comfortable urban space. ^ Cv ^ '^d'^'y ? 9 
. .— r ~ ' 
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S C O P E & L I M I T A T I O N S 
Archi tecture is for peop le . Therefore, arch i tect should prov ide t h e . 
peop le wi th sufficient physical a n d psychological comfor t . Thermal comfor t 
contr ibutes for physical comfor t mostly. Therefore, the thermal comfor t is 
essential in indoors as well as outdoors. 
This study is mainly focussed on urban ou tdoor spaces. In a t ropical 
country like Sri Lanka, ou tdoor spaces are used extensively. In add i t ion , it is 
more impor tant , because it is not feasible to regulate ou tdoor c l imate 
mechanica l ly . 
In the equator ia l tropics the best a p p r o a c h to thermal comfor t is 
reduc ing rad iant heat ing of the environment. This c a n b e a c h i e v e d by 
various strategies. However, shading is the primary a n d most ef fect ive 
strategy (Emmanuel, 1993b; Givoni, 1998). Other strategies should be 
imp lemen ted in the light of shading. 
The primary tool to ach ieve shading is urban masses. The study will 
explore the relationship b e t w e e n urban geomet ry a n d the ou tdoor thermal 
comfor t . That means the bui lding morpho logy (mass, height, or ientat ion etc. ) , 
u rban density, street lay out, height to w id th ratio e tc . or in other words urban 
geomet ry . 
In add i t ion , compu te r software will b e used to simulate the shading 
patterns a n d thermal comforts in various urban geometr ies. The thermal 
comfor t will b e simulated using "DEROB-LTH" software, wh ich is des igned for 
indoor use. Therefore, the d u m m y materials should b e used for sky a n d the 
roads. In add i t ion , venti lat ion is d isregarded. 
Urban space consists of streets, squares & blocks. Since the study is on 
human thermal comfor t , it is more appropr ia te to consider spaces mostly 
used by peop le . Therefore, the shading of pedestr ian paths are cons idered. 
Though Sri Lanka does not have m u c h variat ion in c l imate (Emmanuel, 
1993b; Koenigsberger, 1974), it has very slight variations during some periods. 
The study is carr ied out for the hottest per iod of the year, i.e. April a n d May . 
A n d the thermal comfor t levels are simulated for emphasize the hottest times 
of the day . 
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METHOD OF STUDY 
The study will b e a research-based simulation study. The ob jec t ive is to 
eva lua te the effects of the "bui ld ing geomet ry " on the outdoor thermal 
comfor t by manipulat ing urban form. Therefore, af ter setting the theoret ica l 
backg round a n d hypothesis for the study, research work is carr ied for a 
se lec ted urban sett ing. 
A f ield survey will be carr ied out in the se lec ted a rea to measure the 
ac tua l tempera ture d a t a . Those d a t a will b e c o m p a r e d wi th the s imulated 
d a t a to deve lop an equat ion in order to ca l ib ra te the s imulated d a t a in the 
future. 
The main parameters for u rban forms are its height to w id th ratio a n d 
the or ientat ion of the bui ld ing. The shading patterns for the mod i f ied urban 
settings are ca l cu la ted on compu te r using Au toCAD wi th 3 D models. Since 
this is a simulation study, the required per iod of the year a n d t ime is 
ach ievab le . The mode l led urban masses are s imulated to ob ta in the shading 
patterns in relat ion to their geometry . 
After that those modi f ied urban settings are s imulated further to 
eva lua te their thermal comfor t levels. That work is also carr ied out on 
compu te r using parametr ic bui lding energy simulation p rog ramme ca l led 
DEROB - LTH, wh ich is c a p a b l e of analysing simulated environments thermally. 
The tempera tu re levels will ca l ibra te using the previously d e v e l o p e d equa t ion . 
Finally, u rban design implications a n d conclusions are d rawn u p o n the 
comparisons of comfor t levels for changes in shading patterns a n d built 
masses in a c c o r d a n c e wi th the der ived hypotheses. 
